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ABSTRACT
Data visualization is becoming an increasingly popular field of de-
sign practice. Although many studies have highlighted the knowl-
edge required for effective data visualization design, their focus
has largely been on formal knowledge and logical decision-making
processes that can be abstracted and codified. Less attention has
been paid to the more situated and personal ways of knowing that
are prevalent in all design activity. In this study, we conducted semi-
structured interviews with data visualization practitioners during
which they were asked to describe the practical and situated aspects
of their design processes. Using a philosophical framework of de-
sign judgment from Nelson and Stolterman [23], we analyzed the
transcripts to describe the volume and complex layering of design
judgments that are used by data visualization practitioners as they
describe and interrogate their work. We identify aspects of data vi-
sualization practice that require further investigation beyond notions
of rational, model- or principle-directed decision-making processes.
Index Terms: Human-centered computing—Visualization;
1 INTRODUCTION
One of the goals of visualization research is to influence design
practice. This aim is becoming increasingly relevant, as data visual-
ization as a profession is rapidly growing in popularity [2, 24]. To
effectively influence design practice, it is necessary to understand
the ways in which practitioners structure their work in relation to
the complexity they face in real-world settings [31]. While research
focusing on tools and issues that practitioners face is gaining traction
in InfoVis [2, 3, 13, 19, 24, 33], only a small number of studies have
been grounded in real-world design practice (e.g., [2, 13, 24, 25, 33]).
Although recent work has highlighted the messy, complex, and
situated nature of visualization design [17,18,20] and the challenges
in evaluating visualization authoring systems [27, 28], these efforts
have focused on visualization researchers rather than practitioners.
Unlike other design-oriented fields, InfoVis lacks a recognizable
expansion of scholarly inquiry into design practice as an activity
in its own right—distinct from research activity—in ways that can
account for the complexity of everyday design situations.
Multiple design-related fields have undergone a turn to practice
as a means of informing research, with a recognition that barriers
to knowledge production and use have arisen between the academic
and practitioner communities. The role of practice-led research is
relevant both in emergent design fields such as interaction design
and instructional design [4,15], and in more traditional domains such
as architecture and studio art. We position this paper as a means
of motivating further work that is practice-focused and practice-led,
drawing inspiration from these design fields in an effort to better
understand the ways in which practitioners design and the knowledge
that can inform future visualization design research.
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In this work, we focus on how designers think and make decisions
during their design process. Although design decision and process
models have previously been proposed in InfoVis (e.g., [18, 21,
22, 29]), the limitations of such models in describing real-world
design practice have been noted by design scholars in other fields.
[7, 11, 12, 16, 31]. These scholars highlight the personal and situated
factors of design practice that are essential for making decisions
and moving through a design process—factors that tend to resist
modeling and codification.
We use a philosophical framework from Nelson and Stolter-
man [23,32] to guide our inquiry into the ways that data visualization
practitioners make decisions during their design work. We build
upon decades-old interest in phronesis—or the practical knowledge
that underlies and supports the work of professionals [10, 30]—and
investigate how design judgment, a particular aspect of that profes-
sional engagement, aids a designer in confronting the complexity of
real-world design situations and guides decision making [23]. This
work builds upon prior investigation of design judgments in instruc-
tional design, where Boling and colleagues described the complex
and layered nature of judgments in informing design practice [4, 12]
and design education [9].
The contribution of this paper is two-fold: First, we identify and
describe the volume of design judgments that are used by data visu-
alization practitioners as they describe and interrogate their work,
laying the foundation for future study of the complexity of design
practices in pedagogy and industry contexts. Second, we character-
ize the complex layering of judgments both within discrete design
acts and over time, demonstrating aspects of data visualization prac-
tices that require further investigation beyond notions of rational,
model- or principle-directed decision making processes.
2 UNDERSTANDING DESIGN PRACTICE
2.1 Design Models in InfoVis
Early InfoVis research was largely tool- and technique-driven, with
little emphasis placed on the design process and the role of the
designer in that process. Over roughly the past decade, InfoVis
researchers have embraced a more expansive view of design, turning
attention to both the process designers go through and the decisions
they make while designing. Often drawn from personal experience in
designing visualization systems, researchers have proposed various
models for visualization design (e.g., [6, 17, 18, 21, 22]). These
models have especially focused on process (e.g., [29]) and decisions
(e.g., [18, 21, 22]) that designers purportedly make while designing.
While design models have been influential in the research com-
munity, it is unclear how well they characterize and support design
practice, especially in non-research settings where practitioners may
ground their work and process in less theoretical and more pragmatic
ways. Furthermore, as the development of these models did not in-
volve the study of design practitioners, it is unclear how ecologically
valid claims of process and decision-making might be “in the wild”
of practice. In particular, extant investigations have not accounted
for the personal, situated aspects of design that significantly influ-
ence designers’ thinking and are inseparable from the designer. The
personal, situated nature of design activity requires a more expan-
sive vocabulary that goes beyond formal decision making to include
judgments that are undertaken at every stage of visualization design
in opportunistic and personal ways.
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2.2 Decision Making and Complexity
Rational decision-making processes are often viewed as the stan-
dard for dealing with complex situations. However, the study of
real-world decision-making has shown that rational processes are
the exception rather than the rule when people are faced with un-
certainty in complex situations [14]. Formal models offer neat and
clear descriptions of how people make decisions, yet they do so by
neglecting the contextual aspects of decision making that are not
easy to model. Empirical investigations show that people instead
rely on patterns of experience, making judgments that do not look
much like formal decisions at all [1].
We use the concept of design judgment—a particular form of
judgment—to investigate how data visualization practitioners engage
with design complexity, recognizing that design situations are messy,
complex, and situated in the real-world. In this context, designers
do not stand apart from the design process—they participate in
it, shape it, and mold it using their lived experience and a range
of knowledge types. Thus, particular judgments are subjectively
positioned, not replicable, and generally resist codification. This
subjectivity of practice links to broader understandings of decision-
making, such as the role of personal experience [14] and other
personal commitments in even the most “objective” situations [26].
Although judgments do not look like ‘rational’ decisions, they are
not irrational or mere opinion; judgment relies on familiarity and
prototypicality, in which patterns of experience are drawn from in a
contextually bound manner that resists codification or objectivation
[14]. It is this space in which we seek to make a contribution in the
empirical work that follows.
3 METHOD
As part of a broader effort to investigate aspects of design complexity
in data visualization practice, we interviewed practitioners and asked
them questions about their design practice. Recruiting was done via
social media, the DataVis Societys Slack workspace, the InfoVis
email list, and our personal networks. To mitigate sampling bias,
we also searched widely for professionals and agencies, ultimately
contacting more than 200 individuals and more than 30 agencies.
Interviews were semi-structured and were conducted remotely
via videoconferencing. For this paper, we selected 10 of the 20 tran-
scripts to analyze, aiming for diversity across the self-reported char-
acteristics (see Table 1). We selected one section of the transcripts
in which we asked participants to describe: (1) their typical design
process at a high level and (2) how they assessed their progress,
including determining if they were on the right track and making
decisions about what to do next in their process. Depending on the
answers given, we asked a number of follow-up questions regarding
how participants started their design process, what kinds of con-
siderations they made, whether their process was more structured
or unstructured, and how they would make specific decisions (e.g.,
choosing chart types or visual encoding channels). This section
accounted for roughly 15 minutes near the beginning of the 60-75
minutes of each interview. The transcripts were deductively coded
using Nelson and Stolterman’s framework on design judgment [23].
We operationalized the judgment types described in this framework
based on prior work by one of the authors in another design disci-
pline [12] and used these types as a priori codes in our top-down
thematic analysis [5]. Table 2 lists these design judgments and their
definitions. All judgment types were coded non-exclusively by two
or more researchers, with the goal of reaching consensus and full
agreement. We regularly discussed our code application to assure
consistency of coding and a shared agreement regarding the meaning
of each judgment type.
4 FINDINGS
We first provide an overview of how judgments emerged in the con-
versations with our participants, specifically highlighting instances
ID Job Title Exp.
(yrs)
Highest
Degree
G
P1 Sr. UX Design Lead 8-10 D M
P2 Graphics Editor 8-10 B F
P3 Data Communicator 2-4 M M
P4 Sr. DataVis Dev >10 D F
P5 DataVis Designer 5-7 M F
P6 Data Architect >10 M M
P7 DataVis Designer 5-7 B F
P8 DataVis Designer >10 M M
P9 Senior UX Designer 5-7 F
P10 DataVis Journalist/Designer 5-7 M M
Table 1: Our 10 participants and their self-reported characteristics:
job title, years of experience, highest degree (Bachelors-B, Masters-M
and Doctoral-D), and gender.
Judgment
Type
Description
Framing Creating a working area for design activity to oc-
cur, often through the introduction of constraints.
Appreciative Assigning importance to some things, while not
to others, without the intervention of hierarchy.
Appearance Making determinations relating to style, nature,
character, and experience.
Quality Making determinations relating to craftsperson-
ship and connoisseurship.
Instrumental Selecting or reflecting on the influence of tools,
methods, or techniques.
Navigational Identifying and reflecting on a path to achieve a
specific design outcome in complex situations.
Compositional Forming connections among multiple artifacts or
concepts, creating a sense of holism or centrality.
Connective Making connections or bridging design objects to
address specific aspects of a design situation.
Table 2: Operationalized design judgment types used in our analysis
(adapted from Nelson and Stolterman [23] and Gray et al. [12])
where one type of judgment is foregrounded (i.e., brought into fo-
cus) and others exist in the background (i.e., related but not focused
on). In the next section, we will further describe how these judg-
ment types are complex and layered, with multiple judgment types
emerging together.
4.1 Different Types of Judgments
Framing judgments (n=25) focus on identifying what elements are
salient, often through the introduction of explicit or decisive con-
straints. In some instances, these judgments were more conceptual
and philosophical in nature, such as P1’s goal to “apply best prac-
tices and [. . . ] basically trying to reduce cognitive load and pain
points” or P3’s focus on cognition: “And it’s about what techniques
improve cognition and behavior change, right?” For other partici-
pants, these judgments represented points they could use to begin
their design work, representing an initial problem frame. For P7,
this focus was on the client goal and the desired outcome: “So the
first thing that I need to have clear once I know that I want to accept
the project is what is the goal for the client? So what is the main
thing that the visualization should do—be able to kind of say that in
one or two sentences. What should the people learn and then having
a feeling of the data, what variables are in there?”
Appreciative judgments (n=43) often occur alongside framing
judgments, representing places where certain elements of the design
situation were foregrounded, leading other elements to be back-
grounded. For some participants, appreciative judgments repre-
sented their approach to a design project, such as P6’s goal of
“mak[ing] that easier, simpler, clearer” or P9’s focus on ”show-
ing the data that the client wants to show off.” Some examples
were more precisely grounded in project decisions, such as this
example from P1 where they try to foreground different elements
of complexity to guide their decisions: “There’s obviously some
seasonal variation; the way it’s portrayed now, you can’t tell what
that seasonal variation is. So I was thinking, okay, do we want
to communicate seasonal variation? And if so, let me think about
breaking it out this way. Do we want to communicate an overall
decline? And if so, let me break it out this way instead.”
Appearance judgments (n=11) focus on a personal sense of style,
character, or experience. While discussing a minimalist style, P5
noted “I wouldn’t say I’m a minimalist [. . . ] I need to grab the
reader’s eye. I find that [minimalism] doesn’t really work for that.
But in terms of embellishments, I always try and keep it very close
to the data. So, instead of a color, I might make it a subtle gradient,
I might give it a slight drop shadow to emphasize it. Instead of a
straight line between two points, I might give it a small curve. So
it’s like these, I guess smaller additions onto the basics. Things
like going beyond the default in a more stylistic way.” Appearance
judgments do not always relate directly to visual characteristics,
however, and may be concerned more with character, form, and
material or temporal experience. For example, P2 had a desire to
“try something cooler” if there was time to return to the original data.
P7 alluded to a more experiential goal underlying their visual style:
“I’ve always tried my best to not have fanciness for fanciness sake
[. . . ] I would never be like, let me do a D3 force layout because it
bounces around and people think it’s fun or something like that. I
have used a D3 force layout to make all the nodes burst as people
scroll, because that actually got people to scroll. And I wanted
them to keep scrolling. So I have some sort of a goal. [. . . ] I think
[engaging users] is a really important function.”
Quality judgments (n=22) focus more on craftspersonship, in
comparison to the more subjective qualities of appearance repre-
sented earlier. Some participants, such as P1, pointed towards the
“craft” that is often connected with the science of visualization: “It’s
sort of, it’s part science. It’s part craft. I’d say it’s actually more
craft.” In another example, P1 shared a more extensive example
of how they connected their approach to existing design languages
to improve the quality of their design, while perhaps reducing the
felt creativity of this work: “these frameworks [. . . ] in some way
homogenize your work so that if you look less creative and more
corporate on one hand, on the other hand, I think getting it proves
usability because there’s familiarity to it.”
Instrumental judgments (n=48) point towards the influence of
tools and their impact on the designer’s work within the design pro-
cess. While there were a substantial number of examples of specific
tools that are commonly used in visualization work, some of the
more nuanced examples pointed out the limitations and strengths of
various tools and how they might relate to one another. For example,
P8 assessed the visual vs. data-focused elements of different tools:
“In Illustrator it’s all about how does this look? [. . . ] sometimes
it’s somewhat about the data because if I’m in Illustrator, I’m not
going to worry about getting everything data–accurate. But if it’s
a complex visualization or it would just be too hard to execute in
illustrator and I go to code first, I literally might write the code to
generate the visualization in D3, and in D3 I can export an SVG file
and bring that back into Illustrator to then design it up.” P10 also
shared a more data-specific example, where the form that data takes
might encourage certain design paths and discourage others: “in a
lot of cases, data is shared in the form of excel files and that’s not
really a format that I can work with. Well so what I usually do is try
to get it into R [. . . ]. So that’s almost always the first step.”
Navigational judgments (n=19) point towards the path the de-
signer intends to take to execute their plan as they engage in com-
plex situations. Most of our participant responses related to the
navigational elements of their overall design process, where they
foregrounded certain tools or sequences of tools they used to under-
take their work. For P3, this process started by “look[ing] at the
material, extract[ing] the data and then start sketching alternatives,”
and then later “pull[ing] it into a visualization platform and start
manipulating the data.” P10 described their navigational judgments
as more situational, noting that they “don’t really think that there’s
a typical design process or typical data visualization project,” later
describing their work as initially more focused on data cleaning.
P7 described “asking questions” of the data to work through their
process “when I get the data, the first thing to do is [. . . ] look at
the metadata, the attributes [. . . ] and then I start thinking about
what might be interesting about that dataset or interesting questions
to ask that dataset. [. . . ] And I’ll keep trying at it until I get a
satisfactory answer or, if I don’t, then I note that and I go on to the
next answer, and I’ll do that until I piece together some sort of a
story, some sort of interesting things that I could potentially make
into a story.”
Compositional judgments (n=11) identify relationships among
design elements, pointing toward an emergent whole as a central,
foregrounded concern, with P1 discussing the role of visualization
paradigms in helping them “think very structurally.” P7 pointed
towards a narrative focus in their process, describing how they iter-
atively work to “piece together some sort of a story—some sort of
interesting things that I could potentially make into a story.” In a
similar fashion, P10 described creating a “design layer” by bringing
together multiple concerns to tell a story: “First is figuring out what
you can do with the data and, within those boundaries, select the
best way to visualize it. And then it’s more like a design layer that
you put over the visualization to make it more compelling and then
really letting it tell a story, so to speak, by highlighting different
things, playing with colors, playing with fonts. And so yeah, that’s
the design layer you can play with.”
Connective judgments (n=19) address the ways in which differ-
ent elements of design work or designed artifacts are drawn together
by the designer. Many of these judgments also pointed towards com-
positional assemblages as they were operationalized in navigational
ways. In one example, P6 describes the ways they connect different
judgments relating to the availability of data and its use in creating a
visualization: “So the broad steps are fairly straight forward, right?
So we need to acquire and explore the data. We need to derive any
data that we need out of data that doesn’t already exist [. . . ]. We
need to design the visualization and sort of get approval on that.
And then we need to do the work of building the visualization and
then promoting it into some environment where it can be consumed.”
P9 describes a functional assembly of connections that moves their
design process: “And so they have done some data manipulation in
either R or Excel or something like that. And then we work towards
brainstorming how we convey the data and what sort of form it
should take. And then I will usually do work on it in Adobe Illustra-
tor. So take that data in vector format and pull it in and do the sort
of graphic manipulation to really get their point across and create
something unique.”
4.2 Layering of Judgments
Our second finding is that judgments typically occur in a complex,
layered fashion, where one judgment is often foregrounded while
others have influence in the background. Our thematic analysis
regularly resulted in multiple codes being applied to statements in
an overlapping manner. For instance, consider the excerpt from P9
shown in Figure 1. Here we see P9 engaging in multiple, overlap-
ping judgments as a means of confronting the complexity of the
design situation. There are framing and appreciative judgments to
set the initial design space and potential outputs; connective and
instrumental judgments about the tools being used and the ways
in which they are connected while moving towards an outcome;
Figure 1: Complex layering of judgments described by P9 as a means of confronting complexity in the design situation.
navigational judgments that help deal with the complexity of the
data in context; and quality and appearance judgments, relating to
the creativity and craft of making a point and creating something
unique. This complex layering demonstrates how situated, personal
judgments are a means of moving through complexity toward a
design outcome.
5 DISCUSSION
When we asked practitioners to reflect on their design work, they de-
scribed continuously relying on situated judgments in a layered and
complex fashion. This was true across all aspects of their process,
including how they start, how they assess their progress and decide
what steps to take next, and how they select visual channels and chart
types. Rarely did practitioners describe reaching conclusions as a
result of rational decision-making processes in which options were
weighed and specific steps were followed. This is not to suggest that
practitioners are irrational or unprincipled in their work. Many of the
practitioners we interviewed are experts in data visualization—they
have written influential books, won awards for their work, and are
highly active and respected in the practitioner community. Rather,
they make judgments that draw from an accumulation of prior expe-
rience in combination with a personal design philosophy and various
situational factors. Studies in naturalistic decision making show
precisely this—that experts draw from familiar, prototypical patterns
of experience to make good judgments, relying on a process that
mimics intuition more than logical deliberation [1, 14].
Aside from a brief mention of design judgment [18], the visualiza-
tion literature has largely promoted rational, model-driven forms of
decision-making [21, 22] and moving through a design process [29].
While these popular models may be useful for researchers, our work
suggests they are not sufficient for characterizing real-world design
practice, especially in relation to the personal and situated ways prac-
titioners confront complex design situations. Decision and process
models suggest that design thinking is rational and structured, yet
our analysis reveals that practitioners largely do not describe their
design activity in this way.
The emphasis on rational models likely stems from the positivist
foundations of field of visualization [20]. Models and other abstract
forms of knowledge ignore the complexity and messiness of particu-
lar situations in an effort to generalize and be “objective”. While the
objectivity of this kind of knowledge is questionable on its own [26],
it is also questionable whether rational models have much descriptive
or prescriptive value when it comes to decision making in complex
environments. Both decision scientists (e.g., [1, 14]) and design
scholars (e.g., [8, 31]) have largely abandoned attempts to model
decision making in formal and rationalistic ways. At the very least,
our findings indicate that we need more knowledge types—ones
that are better able to characterize situated, personal knowledge—if
we are to adequately understand and influence visualization design
practice. Judgments are one such type of knowledge, which we have
shown here to be valuable in characterizing the way designers think
and work in practice.
6 SUMMARY
Our analysis shows how designers rely on personal and situated
forms of knowledge that cannot be not generalized and modeled in
the ways that process and decision models tend to be. Our analysis
also shows that judgments are complex and layered, rather than
taking place in individual and disconnected ways, strengthening the
claims made by Gray et al. [12] in another design context. This
finding calls into question the adequacy of design models for char-
acterizing design practice—generally speaking, but especially with
respect to practitioners designing in non-research settings.
Our work contributes a new conceptual language and theoretical
framing for studying visualization design, particularly in terms of
design practice and the ways in which designers face complexity
and move through their design process. This contribution can also
be valuable for practitioners, as surfacing this way of knowing can
help them become aware of their own judgment making and identify
means to improve it. Our work has implications for data visualiza-
tion pedagogy, as an appreciation of the personal and situated nature
of design is critical for preparing designers to face the complexities
of real-world practice. Future scholarship on data visualization ped-
agogy and practice would benefit from focusing attention beyond
formal, objective knowledge and logical processes of decision mak-
ing, allowing access to the rich nature of design expertise and the
ways in which this expertise is developed over time.
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